Obesity is one of the greatest public health challenges in the world with childhood prevalence rates between 20-26% and numerous associated health risks. The aim of the current study was to analyze the 11-year follow-up data of the Ulm Birth Cohort Study (UBCS), to identify whether abnormal eating behavior patterns, especially restrained eating, predict body mass index (BMI) at 11 years of age and to explore other factors known to be longitudinally associated with it. Of the original UBCS, n = 422 children (~40% of the original sample) and their parents participated in the 11-year follow-up. BMI at age 8 and 11 as well as information on restrained eating, psychological problems, depressive symptoms, lifestyle, and IQ at age 8 were assessed. Partial Least Squares Structural Equation Modeling (PLS-SEM) was used to predict children's BMI scores at age 11. PLS-SEM explained 68% of the variance of BMI at age 11, with BMI at age 8 being the most important predictor. Restrained eating, via BMI at age 8 as well as parental BMI, had further weak associations with BMI at age 11; no other predictor was statistically significant. Since established overweight at age 8 already predicts BMI scores at age 11 longitudinally, obesity interventions should be implemented in early childhood.
Introduction
Childhood obesity prevalence rates range worldwide between 6-27% for males and 5-17% for females [1, 2] . Obesity is one of the greatest public health challenges in the world [1] with numerous associated physical health risks (among others e.g. cardiovascular and endocrinological diseases, type-2 diabetes, pubertas praecox in females and tarda in males, sleep disorders, and orthopedic problems; for a review see [1] ). An association between obesity and psychological impairments, such as increased general psychopathology, and specifically a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 depression, anxiety, increased stress, and overall reduced quality of life, has also been reported in different studies [3, 4] .
With respect to risk factors for obesity, the following have been identified in several reviews and longitudinal studies: crossing the 85th body mass index (BMI) percentile in the first two years of life [5] [6] [7] , increase in BMI at ages 7-9 [8, 9] , low parental educational attainment and low socio-economic status (SES) [5, 10, 11] , parental obesity [5, 10, [12] [13] [14] , ethnic background [5, 10, 15] , sugary beverage consumption [16] , and a sedentary lifestyle [10] . Psychological risk factors have also been established such as depressive symptoms and other negative emotional states, low self-esteem, physical appearance [17] , as well as abnormal eating patterns (i. e. restrained and emotional eating (overviews in: [18] [19] [20] [21] ).
The Ulm Birth Cohort Study (UCBS) is a population-based prospective study that has, beside other aims [22] , assessed the development of BMI as well as different associated risk factors for over eleven years (2000 to 2011; for details see [23] ). In a prior study, based on UBCS data, developmental pathways of obesity were established with a significant link between restraint eating and BMI in 8 year old children. Children restraining their food intake were more overweight than children who did not [24] which is in line with other studies [25] [26] [27] [28] .
The question of the current study is whether this established link at age eight also has associations with BMI development longitudinally. The aim of the current study is thus to analyze the 11-year follow-up data and (a) to identify whether abnormal eating behavior patterns, especially restrained eating, assessed at the age of 8 predict BMI at 11 years of age and (b) to explore whether other factors that have been identified as significant predictors in the literature (i. e. parental BMI, socio-economic factors, physical activity, general child psychopathology and specifically depressive symptoms; see above) are longitudinally associated with BMI at age 11.
Methods

Subjects & procedure
This study is part of the 11-year follow-up of the UBCS. For this prospective cohort study all women admitted to the Department of Gynaecology and Obstetrics at the University of Ulm, Germany, between November 2000 and 2001 to give birth to a baby were recruited (n = 1593). Inclusion criteria: understanding of the German, Turkish or Russian language, pregnancy duration of at least 32 weeks, birth weight of the newborn > 2000g, no transfer of the newborn to the Department of Paediatrics immediately after delivery for medical reasons, and mother staying at the postnatal ward after delivery. A total of 1.045 mothers fulfilled the inclusion criteria and participated in the study. Regular follow-up investigations have been conducted until children's age six. Further details of the study design have been described elsewhere [22, 23] .
In addition, an 8-year follow-up of the UBCS was performed. All participants of the UBCS who participated at the 6-year follow-up (n = 629; 60% from the original cohort) received a parent questionnaire and were invited to an ambulant clinical examination at the outpatient clinic of the Division of Pediatric Endocrinology and Diabetes in the Department of Pediatrics and Adolescent Medicine at the University of Ulm. At the 8-year follow-up, the parent questionnaire response rate was slightly higher with 60.7% of the original cohort (n = 634) and the participation rate of physical and psychological examinations was 51.3% (n = 536).
At a child´s age of 11 years, an 11-year follow-up investigation was performed. All participants of the UBCS who participated at the 8-year follow-up received a parent questionnaire by mail; the response rate was 57.9% of the original cohort (n = 605). For the current study data from 422 children, of whom BMI data were available at ages 8 and 11, were analyzed (see Fig 1  for an overview of the whole study). Parents answered questions about current weight, the general health of their child and of family members, physical activity habits, dietary habits, media consumption, home situation and their child's wellbeing. Children completed a questionnaire including questions about physical activity habits, dietary habits, media consumption and child´s wellbeing. Participation was voluntary and written informed consent was obtained from all parents and oral assent from children. The study was approved by the Ethics Boards of the Universities Ulm and Heidelberg and by the Physicians' Boards of the states BadenWuerttemberg and Bavaria, Germany.
Measures
BMI at the 8-and 11-year follow-up of the UBCS. To establish under-/normal weight, overweight and obesity, the age standardized BMI was used [29] . At the 8-year follow-up, body height was measured three times, freestanding without shoes with a stadiometer fixed to the wall. Looking straight ahead, the Frankfurt line (virtual connection between top margin of the earhole exit to lower margin of the orbita) was kept horizontal during measurement. The mean of the three repeated measurements was calculated and taken as final body height. Body weight was assessed with a calibrated Seca-scale. Weight was measured when children were wearing their underwear only. BMI at age 8 was then calculated using the children's weight (in kg) and height (in m) (BMI = kg/m 2 ). At the 11-year follow-up current weight and height of the children were reported by the parents and used to calculate BMI values. It was demonstrated that parent-reported BMI and measured BMI lead to discrepant classifications in just 6% of children >10 years [30] , and BMI self-report has also been successfully used in other studies as well [26] .
As recommended by the World Health Organization (WHO), underweight, normal weight, and overweight were defined according to age specific BMI norms for boys and girls separately, with values lower than 1 standard deviation (SD) below the median defined as underweight and values higher than 1 SD above the median defined as overweight [31] . Eating Pattern Inventory for Children (EPI-C) at the 8-year follow-up of the UBCS. The EPI-C [32] investigates psychological dimensions of eating behavior as well as thoughts concerning weight in children aged ten years and older. The final version of this self-report questionnaire consists of 20 items that load on four dimensions (dietary restraint, external eating, parental pressure to eat, emotional eating), explaining a total of 62% of the variance. Factor 1 consists of eight items and explains 29.0% of total variance. It comprises affective, cognitive, and behavioral aspects of dietary restraint such as fear of becoming overweight, concerns about food and weight and actual restrictions in eating. These three aspects form one single inseparable factor. Factor 2 consists of five items related to external eating (eating in response to food-related stimuli regardless of internal states of hunger and satiety as well as constant feelings of hunger) and explains 17.9% of total variance. Factor 3 consists of three items expressing parental pressure to eat and explains 8.7% of total variance. Factor 4 consists of 4 items related to emotional eating, i.e., eating as a form of coping with emotional distress (explaining 6.4% of variance) [32] . Items are answered on a 4-point Likert scale: 1 = not at all, 2 = little, 3 = mostly, and 4 = totally. Internal consistency is satisfactory, with Cronbach's α being .93 for dietary restraint, .80 for emotional eating, .74 for external eating, and .72 for parental pressure to eat [32] . In our own study, a confirmatory factor analysis in second-grade students (N = 521) supported the hypothesized structure of the EPI-C with the following Cronbach's α coefficients: .87 for dietary restraint, .71 for external eating, .60 for parental pressure to eat, and .79 for emotional eating. Regarding validity, children with overweight reported significantly more dietary restraint than children with underweight or normal weight. Boys reported a significantly higher parental pressure to eat than girls. Children with restrained eating patterns had a significantly higher body weight than all other subgroups and children with emotional and external eating patterns had a higher body weight than children with external eating patterns [24] . When filling in the EPI-C the current sample was on average 8.25 years old (SD 0.17); the EPI-C was not filled out again at the 11 year follow-up, but data from the 8 year follow-up was used for this study.
Child Behavior Checklist (CBCL) at the 8-year follow-up of the UBCS. The CBCL 4-18 [33, 34] is a questionnaire to screen for emotional, behavioral, and social problems. It assesses psychological problems in children aged 4 to 18 years. In the current study, the parent version was used that is to be rated on a three point Likert scale (0 = not at all; 1 = a little; 2 = a lot). The eight included problem scales (anxiety/depression, withdrawal/depression, somatic complaints, social problems, cognitive-/sleep-/repetitive problems, attention problems, defiant and aggressive behavior) are summed up to three superior scales (total score, internalizing and externalizing problems). Internalizing behaviors are ones where children direct emotions and feelings inward. These are somatic complaints, anxious/depressed behavior, and withdrawn behavior. Somatic problems consist of feeling tired, aches, nausea, vomiting, headaches, dizziness and complaints about skin, stomach or eye problems. Withdrawn behaviors are measured by questions addressing social withdrawal, shyness, and sadness. Symptoms of anxiety/depression are addressed by questions regarding crying, fear, loneliness, nervousness, worthlessness, and worries. When emotional problems are directed outward, they are manifested as aggressive or delinquent behavior and are labeled externalizing behaviors. Delinquent externalizing behaviors assessed by the CBCL include for example cheating, lying, setting fires, stealing, and vandalism. Several types of aggressive behaviors are measured, like arguing, screaming, attention-seeking, teasing, being demanding, threatening behavior and displaying a temper.
All scales possess satisfying psychometric properties (α > .80), and norms adjusted for age and gender are provided.
The Depression Inventory for Children (DIKJ) at the 8-year follow-up of the UBCS. The DIKJ [35] is a self-rating questionnaire and assesses depressive symptoms of children aged 8 to 16 years based on the DSM-IV/5 [36] . It measures the degree of a depressive disorder in childhood and adolescence with 29 items covering areas like anhedonia, social withdrawal, and somatic symptoms, but also epiphenomena like difficulties at school on a three-point scale. The DIKJ can be used for therapy control as it is sensitive to change. Internal consistency is highly satisfactory with α .92 for a clinical and .87 for a representative sample. The total score was able to discriminate between children and adolescents with and without depression. Correlations with other instruments were in the expected directions with most validity coefficients around .30. Norms are provided adjusted for age and gender and are based on 3395 children and adolescents.
Assessment of intelligence quotient (IQ) at the 8-year follow-up of the UBCS. Raven´s Coloured Progressive Matrices (CPM) were used for the language free assessment of basic intelligence functions [37] . It can be applied in children from ages 3 years and 9 months to 11 years and 8 months and consists of three sets of 12 tasks each so that a maximum raw score of 36 is possible. Each task consists of colored incomplete geometrical shapes or figures to be correctly completed out of a set of 6 alternatives. The three sets offer the participants three different possibilities to develop consistent methods of analytical thinking. The CPM were developed to assess intellectual abilities in subjects who are not able to speak and understand German, who have physical disabilities, aphasia, cerebral paresis, who are deaf or who are mentally handicapped. Age norms are available in half year distances. Split-half reliability lies between r = .85 and .90, retest reliability after two weeks was between r = .86 and .90. It was shown that the items of the CPM load on a factor "simultaneous processing" with loadings ranging from .75 to .85.
Statistical analysis
We performed Partial Least Squares Structural Equation Modeling (PLS-SEM) predicting children´s BMI at 11 years. PLS-SEM is a variant of structural equation modeling which uses an ordinary least squares regression-based method (OLS) in contrast to the maximum likelihood estimation procedure in covariance-based structural equation modeling. PLS-SEM is a variance-based approach. PLS-SEM should be used in situations where theory is less developed and the aim is to predict and explain target constructs. It works with small sample sizes, complex models and makes almost no assumptions about the level of measurement of the data [38] . For model estimation we used the path weighting scheme which standardizes the included variables. To obtain tests of significance for path coefficients and outer loadings of variables forming latent constructs we performed bootstrapping with 5000 samples of n = 422 each. The resulting t-values were then tested for significance. We considered a p-value of .05 to be significant. To evaluate the structural model, the coefficient of determination R 2 can be used. Values of at least .75, .50, and .25 for endogenous latent variables can be considered substantial, moderate, or weak, respectively [39] . The effect size f 2 demonstrates whether an exogenous construct has a substantive impact on an endogenous construct. Values of at least .02, .15, and .35 represent small, medium, and large effects, respectively [40] . To evaluate the measurement model, the outer (factor) loadings of variables on their respective latent constructs should be at least .70. Factor loadings can only be calculated if more than one manifest variable represents a latent construct. The internal consistency of latent constructs with more than one manifest variable is measured by the composite reliability. Values of .60 to .70 are acceptable in exploratory research [41] . The average variance extracted (AVE) shows the proportion of variance the constructs explain in its indicators. It is equivalent to the communality in factor analysis and can be regarded as a measure of convergent validity. Heterogeneity was examined with the FIMIX-PLS algorithm [42] , multicollinearity was present if indicators had a variance inflation factor (VIF) > 5 [38] . A limitation of this method is that there is no global goodnessof-fit criterion.
As predictors we used the EPI-C scales external eating, emotional eating, dietary restraint, and parental pressure to eat of which the first three are known to have an association with children´s BMI at age 8 [24] . We further utilized depressive symptoms, birth weight, parental BMI at children´s age 8 and 11, IQ, gender, CBCL internalizing and externalizing disorders, housing situation (composed of number of persons living together, square meters of apartment/ house, smoking in apartment/house yes/no), physical activity (composed of five-point ratings regarding sports, TV consumption, and playing video game consoles), social situation (composed of dichotomous variables single parent, being cared for by another family member, attending a nursery, being cared for by mother or father, being cared for by people outside the family, being alone at home, mother employed, father employed), a four-point rating regarding fast food consumption, and school attendance as predictors of children´s BMI at age 11. The complete model is depicted in Fig 2. All calculations were done with the program SmartPLS 2.0.M3 (http://www.smartpls.de/). Table 1 displays the sample characteristics of participating children in the total sample stratified according to gender. Table 2 shows sample characteristics for socio-economic and questionnaire variables, not stratified according to gender.
Results
The FIMIX-PLS algorithm indicated that there is no unobserved heterogeneity in our data. First, the quality of the structural model was examined. Table 3 depicts the path coefficients of the original sample, the means and standard errors (SE) of the bootstrap samples, the t-values and the resulting p-values.
The R 2 for children´s BMI at age 11 was .684 while the R 2 for children´s BMI at age 8 was .256. As seen in Table 3 , the largest predictor for children´s BMI at age 11 was children´s BMI at age 8. The value of the effect size f 2 amounts to 1.45 and signals a very large association. A small association exists between parental and children´s BMI at children's age 11 (f 2 = 0.013).
The EPI-C subscale restraint eating had a substantial total association with children´s BMI at age 11. With reference to Fig 2 and Table 2 , the total effect of .27 is calculated as follows: .42 (path coefficient dietary restraint on BMI 8 years) Ã .80 (path coefficient BMI 8 years on BMI 11 years) + (-.063; path coefficient dietary restraint on BMI 11 years). All other predictors for children´s BMI at age 11 were not significant.
Significant predictors for children´s BMI at age 8 were dietary restraint in EPI-C (f 2 = 0.22, medium effect), parent´s BMI at children´s age 8 (f 2 = 0.02, small effect) and birth weight (f 2 = 0.02, small effect). All other predictors for children´s BMI at age 8 were not significant.
In the next step, the measurement model (outer model) was examined. None of the indicators had a VIF > 5, therefore no multicollinearity was found. Table 4 displays the factor loadings of the variables loading on their latent constructs in the original sample, the means and SE of the bootstrap samples, the t-values and the resulting p-values. Table 3 demonstrates that of the latent construct "social situation" the variable "mother employed" has a significant loading of .62. The composite reliability of this construct is .18 and the AVE is .11. This is due to the skewed distribution of the majority of the variables involved. Both parents' BMI variables at children´s age 11 load high on their latent construct which has a satisfactory composite reliability of .76 and an AVE of .61. On the latent construct "parental BMI at children´s age 8" father´s BMI has a significant loading of .93. The construct has a composite reliability of .62 and an AVE of .50. The manifest variable "square meters of apartment/ house" has a significant loading on the latent construct "housing" while the loading of "smoking in apartment/house" misses significance. The composite reliability of this construct is .57 and therefore still acceptable, the AVE is . 35 . A significant positive loading on the construct "physical activity" is reached by the variable "TV consumption". The loading of "computer consumption" misses statistical significance. The composite reliability of this construct is .54 and slightly under the recommended cut-off of .60, the AVE is .39.
Discussion
In this cohort study involving a large number of children we were able to demonstrate significant longitudinal associations of different covariates with children's BMI at age eleven with 68% variance explained. The most important predictor for children´s BMI at age 11 was children´s BMI at age 8. The value of the effect size signaled a very large association. The usefulness of including the BMI at age 8 as a predictor for BMI at age 11 is confirmed by two large German studies with about 3500 and more than 17500 partcipants. It was demonstrated that the largest increases in BMI occurred at ages 7 to 9. Consequently, BMI at this age is an important predictor for BMI at later ages [8, 9] . This confirms prior studies that identified early overweight as a relevant risk factor for obesity in later childhood [4, 6, 7, 10, 43] . A small association existed between parental BMI and children´s BMI at age 11, an observation also in line with other reported research findings in the field [4, [11] [12] [13] [14] [15] . However, the EPI-C subscale restraint eating had a substantial total effect via children´s BMI at age 8 on children´s BMI at age 11. Thus, abnormal eating behaviors that are associated with an increase of BMI at the age of 8 show longitudinal associations, though not directly but mediated through prior BMI. The likely explanation is that children who are overweight restrain their food intake, most likely influenced by parents. Similar effects have also been demonstrated in three other longitudinal studies. In the study by Forrester-Knauss et al. [26] , with N = 428 children assessed as preschoolers and pre-adolescents, restrained eating at the age of 12 years was significantly predicted by BMI at the age of 5 years as well as by BMI change over time. Munkholm and colleagues [27, 28] analyzed data of the Copenhagen Child Cohort (CCC2000) that assessed restrained, emotional and external eating with the EPI-C in a general population sample of 11-12 year olds. Restrained eating was significantly associated with overweight, body dissatisfaction and emotional disorders in both genders. Further, overeating patterns at the age of 5-7 years prospectively predicted restrained eating in preadolescence (OR 2.77) and overweight at 11-12 years (OR 4.79). Those longitudinal studies confirm others that demonstrated an association of restrained food intake with higher BMI scores [18] [19] [20] [21] , and support thus the assumption that higher weight and restrained eating lead to a vicious circle that continues to increase weight. These findings are in line with studies demonstrating that highly restrained eaters have a higher chance of being in higher BMI trajectories, whereas other factors such as emotional and external eating were unrelated to BMI [24] . No other of the investigated predictors was statistically significantly associated with children´s BMI at age 11, replicating the findings of the other three longitudinal studies on restrained eating and BMI over time [26] [27] [28] , though Munkholm et al. [27] also identified a low annual household income as a further strong explanatory factor of BMI increase (OR 2.06), and Forrester-Knauss et al. [26] identified an association of body self-esteem and longitudinal BMI development. Prediction of BMI at age 8 was weak with substantially less variance explained (25.6%). BMI at age 8 was predicted by a higher dietary restraint assessed with the EPI-C, replicating results of other studies in the field [26] [27] [28] , by a higher parental BMI at child's age 8, and by a higher birth weight. Regarding the measurement model we conclude that the latent construct "social situation" did not satisfy statistical quality criteria while quality criteria of the other latent constructs, such as "parental BMI at age 8", "housing", and "physical activity", were fulfilled. PLS-SEM proved to be a valuable data analysis strategy for our research question with prior BMI being the most significant predictor of later BMI, even though the prediction of BMI at an earlier age seems to be less reliable with respect to the amount of variance explained. Overall, the main risk factors identified at age 8 concur with the ones of prior research in the field [4, 6, 15, 19, 21, 24, 43] .
There are some limitations to be considered. The participation rate in our follow-up sample was significantly lower than in the initial sample, although response rates such as ours are not unusual in birth cohort studies with long-term follow-ups [44] . Bearing this limitation in mind, this is still a large sample for a longitudinal study over 11 years. Also, our study was conducted in a single urban area and is not representative of the German population. When we compare the follow-up sample included in this study with the complete sample at baseline it is evident that families with higher duration of school education were more likely to participate. These limitations restrain the generalizability of our results. In addition, abnormal eating behaviors and BMI were both assessed at age 8, therefore reverse causation regarding BMI and dietary restraint cannot be excluded. Children´s BMI at age 11 was reported by their parents and was not directly measured, though other studies have also successfully used self-reported BMI which proved to be fairly reliable [26] . To establish possible cause and effect paths, longer longitudinal studies are required. Nevertheless, since other studies in the field point to the relevance of abnormal eating patterns, especially restrained eating for increased BMI [18-21, 45, 46] , these patterns should be a target for intervention programs.
With respect to the relevance of the results obtained for the broader field of obesity prevention and intervention strategies one could argue that an implementation at a very early age should be recommended [26] . There is a significant association of higher birth weight and BMI at age 8 in our study and the children at age 8 in our study already showed abnormal eating patterns, especially restrained eating and this is paradoxically associated with the failure to control eating [45, 47] and associated with higher BMI at age 8 which in turn predicted BMI at age 11. A current study analyzed associations of personality factors and BMI and demonstrated that high extraversion scores at age 5 years significantly predicted higher BMI and restrained eating at age 12 [48] . An experimental study on restrained eating and food intake revealed that restrained eaters successfully restrain their food intake when this is task relevant, but show a strong food approach when they were in a good mood and food was task irrelevant [49] . Thus, effective interventions need to take effect before children develop overweight or obesity, and abnormal eating patterns, and should consider other psychological factors such as personality and task relevance. Other research on early intervention has demonstrated that the vast majority of interventions for children show the largest benefit in the first three years of life [46] . Further, early care and education (ECE) has been identified as a priority setting for obesity prevention (http://www.cdc.gov/obesity/strategies/childcareece.html). According to these best practice recommendations, standards for obesity prevention have been established, addressing nutrition, infant feeding, physical activity and screen time, that involve parents and care takers. This is especially important, since parental BMI is a significant predictor for children's BMI [10, 14, [16] [17] [18] , as shown in our study as well. Ideally, midwifes and day cares/play schools should be involved in such interventions, since this would allow implementation on a universal level with a low-threshold that could reach the majority of families without stigmatization. Such strategies are also recommended by the Centers for Disease Control and Prevention (http://www.cdc.gov/obesity/strategies/index.html) and are a crucial task for the 21 st century, since curative interventions only reach a minority of affected people and can be considered a drop in the ocean with prevalence rates of obesity of up to 26% [1, 2] .
Conclusion
Obesity is one of the world's greatest public health challenges. Higher birth weight and restrained eating is associated with overweight at age 8 and continues to exert its influence via BMI at age 11. Interventions for obesity should be implemented at a very early age [26] , since established overweight longitudinally predicts BMI scores. It is much harder to reduce overweight than to prevent its onset in the first place.
